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ACCESSING MAIN ATX OUTPUTS 
WITHOUT MONITORING ALL OUTPUTS 

10 

Background 

This invention relates to a power monitor circuit and in particular to a circuit for 
monitoring the power of a personal computer. This patent is a conversion of U.S. Provisional 
Application SN 60/130,828 filed April 23, 1999. 
iS Personal computers have circuits that monitor control the power supplied to different 

: jsa 
: J I 

\n parts of the computer. Some parts, such as memory, require a different voltage than other 
\^ parts, such as the microprocessor. In order to conserve power and lengthen the life of the 
U integrated circuits, it is economical to reduce the power available to components when the 
computer is inactive. Most computers have a power saving feature that reduces the power 
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2^ consumption after a predetermined idle time. The operator may have control of that timer 
15 During the power down time, minimal power is supplied to the computer. In theory, one only 
'■"^ needs to supply enougli^oweF"to^seh^^when~the user returns-^ 

required). Despite the speed of integrated circuits, there remains a finite amount of time for 
the power supplies to reach their nominal operating levels. If the computer begins operation 
25 before the input power supplies reach their nominal operating levels, computations and 
operations performed by the computer may be erroneous. Such premature operation may 
cause errors in operation that, in return, could cause the demguter to fail and shut down. 
Then, the user will have to restart the computer or perhaps repair it as well. 

The power management feature contributes to overall efficiency, saves energy and 
30 reduces the cost of operating the computer. As personal computers become more 
sophisticated, the power up and power down monitoring circuits have likewise grown in 
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5 sophistication. More sophisticated circuits are required because the computer uses numerous 
vohages. Some of the primary voltages used in a computer are 12 volts, 5 volts, and 3.3 
volts. These are supplied from an AC/DC converter to other devices and chips within the 
computer. As such, the motherboard on a computer requires still further voltages derived 
from the primary voltages for operating memory chips, graphics chips and clock chips. 
10 Nevertheless, all of those derived voltages are derived from the three primary voltages of 12, 
5, and 3.3 volts. 

It is important that the various devices be powered up and powered dovra in the 
manner specified by the computer manufacturer. Unless the power up and power down 
_ operations are controlled and there is sufficient power, valuable data may be lost or the 
iS system may conflict with itself and crash. 

For proper operation, the three primary voltages must be at or about 90% of their 
1=^ expected operating level. Microprocessor vendors, such as Intel Corporation, specify that the 
\j microprocessor and the motherboard will be fiiUy operational after a predetermined time 
13- window. That time window is currently set to about 100 ms. In order to assist PC 

2jt manufacturers, Intel also specifies that the 3.3 and 5.0 volt supplies must reach 90% of their 

■ o 

value in less than 40 ms. The problem faced by computer manufacturers is how to monitor 
=^ the primary voltages to determine when the^ltages~aefived~from~the-primary-voltages-^ 
be created. 

Some manufacturers have proposed using three power supply monitor chips, one for 
25 each primary voltage. That is a straightforward approach, but it multiplies the number of 
power supply monitors to match the three primary voltages. Still others have suggested using 
a single chip for monitoring the power supphes and on that single chip include three primary 
voltage monitor circuits, i.e., one circuit for each of the three primary voltages. 
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5 Summary 

The invention improves upon the solutions of the prior art by providing a single 
power monitor-integrated circuit with a single input primary voltage pin. The invention 
accomplishes this desirable result by using the inherent features of the power supply. The 

power supply is made to exacting specifications. The power supply will drive the 3.3 volt 

/'^ 

10 and 5.0 volt supplies to reach 90% of their values within 40 ms after the 12 volt supply 
reaches 90% of its value. A suitable time delay circuit 25 delays switching the 3.3 volt and 5 
volt dual supplies from the standby voltage supply to the active voltage supply until after the 
primary 3.3 volt and 5 volt are operating. 
^ The invention provides an integrated circuit that monitors and controls power from a 

W computer ATX power supply. A conventional ATX power supply generates a plurality of 

Un different output voltages but the 3.3, 5, and 12 volt outputs are derived from a single power 

llJ S 

\^ transformer. The integrated circuit includes one input pin that provide' input means for 

\| receiving a representative power output (12 volt in this case) from the ATX power supply. 

O The integrated circuit also includes a conventional linear power controller circuit for 

2Qi, controlling each of its power outputs. A comparator circuit compares a signal representative 
of the primary power voltage to a reference signal. A voltage divider provides one input to 
=^ the comparator and the other input is provided byaTthfeshold reference source— When^the^^ 
divided signal exceeds the threshold, the comparator output a signal indicative of the results. 
That signal means that the primary power supply has reached at least 90% of its targeted 

25 value. The output of the comparator then triggers a timing circuit. The switchover of the 
power outputs controlled by the integrated circuit from the standby input supply to the main 
ATX outputs is delayed by the timing circuit for a set time that corresponds to the timing 
specifications of the ATX supply. Those specifications require that the primary power 
sources be at their respective voltage levels within a very carefully controlled time, typically 

30 40 milliseconds. The timing circuit is set to a delay time that equals or exceeds the ATX 
specification. After the time delay expires, the invention generates a power up signal. At 
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5 that time the power outputs controlled by the integrated circuit are switched to the primary 
input power sources, such that at the end of the 100 millisecond period, the computer may 
enter the active state of operation. 

Drawings 

Figure 1 is a high level schematic of the power distribution system in a computer. 
4 0 Figure 2 is schematic of the comparator circuit of the invention. 

Figure 3 is a schematic of an integrated circuit using the power management circuit of 
the invention. 

Figure 4 is a graph showing a soft start interval in a sleep state with all outputs 
enabled. 

i;^ Figure 5 is a graph showing a soft start interval in an active state. 

:^ Detailed Description 

'''"-I With reference to Fig. 1, there is shown a high-level circuit schematic of a portion of a 

□ personal computer. The ATX AC/DC power supply 10 includes a transformer and DC to DC 
20^ converter circuitry. The power supply 10 includes a connection at its input to a source of 
Q alternating current. Its nine outputs include a 5 -volt standby output and three primary voltage 
outputs~of T27^5^id 3T3^olts^The"outputs-from the-AT^-powe 

one another. Indeed, they are all derived fi"om the same AC transformer. Once the primary 
12 volt power supply passes 90% of its nominal setting, the 5 volt and 3.3 volt supply will 

25 equal or exceed 90% of their nominal settings no later than the end of the 40-ms window. In 
effect, it is possible to use the 12 volt primary power voltage as a proxy for the other primary 
voltages. It is not necessary to actually monitor the 5 and the 3.3 voltages because they are 
related to the 12 volt supply. Instead, one monitors the 12 volt supply for overall compliance. 
Once the 12 volt supply is in compliance, the 5 and 3.3 volt supplies will be in compliance by 

30 the end of the 40-ms window. 

The invention is implemented by incorporating a comparator circuit 22 into the power 
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5 monitor of the integrated circuit 20. The comparator circuit 22 is a resistor divider network 
that includes resistors Rl and R2. See Figure 2. Resistors are chosen of sufficient value so 
that the voltage into the comparator 24 is divided to be within the range of the 5 volt standby 
power supply. The voltage Vref input to comparator 24 is derived from the 5 volt standby 
power supply. The maximum reference level is. set to 90% of the nominal value, i.e., 90% of 

10 12 V = 10.8 volts. In the preferred embodiment, the reference voltage is approximately 1.2 
volts and the voltage divider is a 9-to-l divider. Thus, when there are 10.6 volts across 
resistor R2, the inputs to the comparator are equal and the output signal at terminal 27 of the 
comparator is high indicating that the voltage V12 is approximately 90% of its nominal value. 
_ The high signal at terminal 27 is transmitted via control line 32 to a circuit that creates the 

i:^ derived voltages. The high output of the comparator 24 is delayed by time delay circuit 25. 

i J 3 

If 5 The control signal indicates that the power supplies for 5, 3.3 and 2.5 volts are now at 

I y 

suitable levels for use to create the derived voltages. 
-4 Turning to Figure 3, further details of the invention are provided. The 12 volt primary 

i3 power supply signal from the power supply 10 is supplied to the motherboard and is 
20^ monitored via line 301. That line provides an input to a voltage divider (not shown; see Fig. 
!□ 2) that is contained inside the monitor integrated circuit 22. The power monitor integrated 

circuit 22~incliMes^timing"circuit"(not shown;^ 

the 1 2 volt supply equals or exceeds 90% of its nominal value. That time is less than the 
100-ms window for the motherboard. When the timing circuit times out, the control logic 

25 304 controls the operation of transistors Q2, Q3, Q4 and Q5 to switch the 5 volt and 3.3 volt 
dual outputs from their standby voltage input to the line voltages from the power supply 10. 

The circuit 22 simplifies the implementation of ACPI-compliant designs in 
microprocessor and computer applications. The circuit 22 (representative of an entire family 
of power mangement circuits) integrates two linear controllers and a low-current pass 

30 transistor, as well as the monitoring and control functions into a 16-pin SOIC package. One 
linear controller 305 generates the 3.3V DUAL voltage plane from an ATX power supply's 
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5VSB output during sleep states S3, S4/S5), powering the PCI slots, and other peripherals, 
through an external pass transistor, as instructed by the status of the 3.3 V DUAL enable pin. 
An additional pass transistor is used to switch in the ATX 3.3 V output for operation of this 
output during SO and SI (active) operating states. The second linear controller 306 supplies 
the computer system's 2.5V/3.3V memory power through an external pass transistor in active 
states. During S3 state, an integrated pass transistor supplies the 2.5V/3.3V output sleep-state 
power. A third controller 307 powers up a 5V DUAL plane by switching in the ATX 5V 
output in active states, or the ATX 5 VSB in sleep states. 

The operating mode of circuit 22 (active-state outputs or sleep-state outputs) is 
selectable through two control pins: 319 and 3 1 8. Further control of the logic 304 governing 
activation of different power modes is offered through two enabling pins: 319 and 320. In 
active states, the 3.3V DUAL linear regulator 305 uses an external N-channel pass MOSFET 
331 to connect the output 314 (V OUTl) directly to the 3.3V input supplied by an ATX (or 
equivalent) power supply, while incurring minimal losses. In sleep state, the 3.3V DUAL 
output is supplied from the ATX 5 VSB 312 through an NPN transistor 330, also extemal to 
the controller. Active state power delivery for the 2. 5/3. 3 V MEM output 351 is done through 
an extemal NPN transistor 332, or an NMOS switch for the 3.3 V setting. In sleep states, 
conduction on this output is transferred to^^^ 

352 is powered through two extemal MOS transistors. In sleep states, a PMOS (or PNP) 
transistor 333 conducts the current from the ATX 5 VSB output, while in active states, current 
flow is transferred to an NMOS transistor 334 connected to the ATX 5 V output. Similar to 
the 3.3 V DUAL output, the operation of the 5V DUAL output 352 is dictated not only by the 
status of the 317 and 318 pins, but that of the EN5VDL enable pin 3 1 9 as well. 

A 5 VSB power on reset (POR) signal initiates a soft-start sequence. An intemal 10 
\xA current source charges an extemal capacitor to approximately 2.8V. Error amplifiers 
reference inputs are clamped to a level proportional to the soft-start pin voltage. As the soft- 
start pin voltage slews from about 1.25V to 2.5V, the input clamp allows a rapid and 

controlled output voltage rise. 
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Figure 4 shows the soft- start sequence for the typical appHcation start-up in a sleep 
state with all output voltages enabled. At time TO 5V SB (bias) is applied to the circuit. At 
time Tl, 5V SB surpasses POR level and an internal fast charge circuit quickly raises the SS 
capacitor voltage to approximately IV. At this point, the 10|liA current source continues to 
charge the capacitor up to T2, where a voltage of 1 .25 V(typically) is reached and an internal 
clamp limits further charging. Clamping of the soft-start voltage (T2 to T3 interval) should 
only be observed with capacitors smaller than 0.1 |iF. Soft-start capacitors of 0. 1 ^iF and above 
should present a soft-start ramp void of this plateau. At time T3, 3ms (typically pas the 5V SB 
POR (Tl), the 10|aA current source resumes charging the soft-start capacitor. At this point, 
the error amplifiers' reference inputs are starting their transitions, causing the output voltages 
to ramp up proportionally. The ramping continues until time T4 when all the voltages reach 
the set value. At time T5, when the soft-start capacitor value reaches approximately 2.8V, the 
under-voltage monitoring circuits are activated and the soft-start capacitor is quickly 
discharged down to the value attained at time T2 (approximately 1 .25V). 

If both 317 and 318 are logic high at the time the 5VSB is applied, the circuit 22 will 
assume an active state and keep off the controlled external transistors until about 50 ms after 
the ATX's 12V output (sensed at the 12V input 311) exceeds the set threshold (typically 

1078 V)^ This"timeout feature is necessary in order to insure-the-main^ 

stabilized. The timeout also assures smooth transitions from sleep into active when sleep 
states are being supported. 

During sleep to active state transitions from conditions where the outputs are initially 
OV (such as S4/S5 to SO transition with EN3 VDL = 1 and EN5VDL = 0, or simple power-up 
sequence directly into active state), the 3V DUAL and 5V DUAL outputs go through a quasi 
soft-start by being pulled high through the body diodes of the N-channel MOSFETs connected 
between these outputs and the 3.3Vand 5V ATX outputs, respectively, Figure 5 shows this 
start-up scenario. 

5V SB is already present when the main ATX outputs are turned on at a time TO. 
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Similarly, the soft-start capacitor has already been charged up to 1 .25V and the clamp is 
active, awaiting for the 12V power-on reset (POR) timer to expire. As a result of 3.3V IN and 
5V IN ramping up, the 3.3V DUAL and 5V DUAL output capacitors CI, C3 charge up 
through the body diodes of Q3 and Q5, respectively (see Figure 3). At time Tl, the 12V ATX 
output exceeds the 12V undervoltage threshold of circuit 22, and the internal 50ms (typical) 
timer 25 (Fig. 2) is initiated. At T2 the time-out initiates a soft-start, and the memory output is 
ramped-up, reaching regulation limits at time T3. Simultaneous with the memory voltage 
ramp-up, the DLA output 321 is pulled high (to 12V), tuming on Q3 and Q5, and bringing the 
3.3V DUAL and 5V DUAL outputs in regulation at time T2. At time T4, when the soft-start 
voltage reaches approximately 2.8V, the undervoltage monitoring circuits are enabled and the 
soft-start capacitor is quickly discharged to approximately 2,45V. 

Requests to go into a sleep state during an active state soft-start ramp-up result in a 
chip reset, followed by a new soft-start sequence into the desired state. 

Having thus disclosed the preferred embodiment of the invention, those skilled in the 
art will appreciate that fiirther modifications, changes and omissions of one or more elements 
to the preferred embodiment may be made without departing from the spirit and scope of the 
invention. 
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